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ABSTRACT 


In  years  of  normal  rainfall,  11  to  13  inches  of  moisture  are  ex- 
tracted by  Gambel  oak  from  the  upper  8  feet  of  soil  during  the 
growing  season.  The  total  evapotranspirational  loss  ranges  from 
15  to  19  inches,  depleting  moisture  from  the  entire  profile.  Early 
season  moisture  depletion  occurs  mainly  in  the  upper  4  feet  of  soil 
with  losses  occurring  lower  in  the  profile  later  in  the  season. 
Winter  precipitation  usually  provides  sufficient  moisture  to  fully 
recharge  the  soil  profile  after  the  growing  season. 

Mountain  brush  consisting  largely  of  Gambel  oak  (Quercus  gambelii  Nutt.) 
occupies  approximately  1  million  acres  in  Utah,  mainly  at  intermediate  elevations. 
Replacing  deeply  rooted  oak  brush  with  plants  having  shallow  root  systems  may  re- 
duce water  consumption  and  increase  water  yields,  particularly  on  deep  soils.  Also, 
fire  hazard  may  be  reduced  and  wildlife  habitat  improved  when  these  extensive  brush 
fields  are  broken  into  smaller  units  through  conversion. 


"Associate  Plant  Physiologist,  headquartered  at  Forestry  Sciences  Laboratory, 
Logan,  Utah,  which  is  maintained  in  cooperation  with  Utah  State  University. 


Before  recommending  this  type  of  action,  information  was  needed  concerning  the 
use  of  water  by  oak  and  by  potential  replacement  species.   To  provide  such  information, 
research  was  begun  in  1961  to  determine  the  evapotranspirational  characteristics  of  a 

native  Gambel  oak  stand. 

DESCRIPTION  OF  STUDY  AREA 

Three  plots  were  established  at  7,  130  feet  elevation  on  a  27 -percent  south- 
facing  slope  near  Bountiful,  Utah.   A  mature  stand  of  Gambel  oak  from  8  to  14  feet 
tall  with  a  basal  area  of  65  square  feet  per  acre  covers  the  area.    A  luxuriant 
herbaceous  understory  exists  beneath  the  oak. 

The  soil  was  developed  from  mica -schist  parent  material.    The  solum  is 
approximately  20  inches  deep,  below  which  lies  coarse  fractured  rock. 

From  1960  to  1963,  annual  precipitation  was  from  25.0  to  32.7  inches.  Most 
of  this  came  during  the  winters  as  snow.  The  summers  were  warm  and  dry,  but  the 
temperature  seldom  exceeded  85°  F.   From  the  middle  of  June  to  the  middle  of  September 

the  area  was  frost -free.  j 

METHODS 

Nine  soil  moisture  access  tubes  were  installed  to  a  depth  of  8  feet  in  each  of  the 
three  plots,  making  a  total  of  27  tubes.   From  1962  through  1966,  soil  moisture  read- 
ings were  taken  three  times  each  year  (except  in  1964  when  readings  were  made  only 
twice)  with  a  Nuclear  Chicago   soil  moisture  probe.   The  measurements  were  made  in 
May,  midsummer,  and  at  the  time  of  maximum  soil  moisture  depletion  in  the  fall. 

A  survey  of  the  soil  and  vegetation  was  made  in  1965.   Soil  samples  were  col- 
lected to  a  depth  of  8  feet  and  analyzed  for  texture,  organic  matter  content,  and 
moisture -holding  characteristics.    The  basal  area  of  oak  was  measured  on  each  plot. 
In  addition,  basal  area  of  all  stems  within  a  10 -foot  radius  of  each  soil  moisture  access 
tube  was  measured,  and  plotted  with  respect  to  distance  and  direction  from  the  access 
tube . 


Mention  of  trade  names  does  not  necessarily  imply  endorsement  by  the  U.S. 

Forest  Service . 


RESULTS 


SOIL  CHARACTERISTICS 

The  soil  on  the  plots  is  coarse- textured  with  a  large  portion  of  the  material 
being  greater  than  2  mm.  in  diameter  (table  1).    Only  small  amounts  of  silt,  clay, 
and  organic  matter  are  present  below  the  2 -foot  depth.   Laboratory  measurements 
indicate  moisture -holding  capacities  are  considerably  greater  in  the  solum,  where 
clay  and  organic  matter  are  highest,  than  at  lower  depths.   In  contrast,  field  meas- 
urements with  the  nuclear  probe  indicated  a  rather  homogeneous  moisture -holding 
capacity  of  approximately  3.3  inches  per  foot  throughout  the  entire  profile  (fig.  1). 

SOIL  MOISTURE  DEPLETION 

A  distinct  pattern  of  soil  moisture  depletion  was  observed.   During  the  early 
part  of  the  growing  season  most  depletion  occurred  from  the  surface  4  feet.   As  the 
moisture  in  the  upper  soil  mantle  became  less  available  to  plants,  greater  quantities 
were  removed  from  the  4-  to  8 -foot  depth  (table  2).   Although  data  are  shown  for  only 
one  sampling  point,  the  same  trend  was  observed  in  all  cases. 

By  the  end  of  each  summer,  moisture  was  depleted  throughout  the  entire  8  feet  of 
soil.   However,  adequate  precipitation  fell  each  winter  to  restore  the  profile  to  its  max- 
imum storage  capacity.   No  measurable  quantity  of  overland  flow  occurred,  indicating 
that  most  of  the  annual  precipitation  entered  the  soil. 

The  total  change  in  soil  moisture  during  the  growing  season  varied  from  year  to 
year  and  from  one  sampling  point  to  another,  although  the  curves  for  maximum  soil 
moisture  depletion  were  nearly  identical  for  3  of  the  4  years  (fig.  1).   In  1962,  there  was 
an  average  change  of  12.79  inches  in  soil  moisture.   This  represented  a  depletion  range 
of  10.05  to  15. 15  inches  among  the  sampling  points.    In  1963,  the  average  was  12.53 
inches  with  a  range  from  11.45  to  13.95  inches.   In  1965,  rainfall  was  greater  during 
the  growing  season  than  in  previous  years;  this  resulted  in  lower  soil  moisture  deple- 
tion when  a  loss  of  only  6.38  inches  of  soil  moisture  was  recorded.   In  1966,  an  average 
soil  moisture  depletion  of  10.73  inches  was  observed.   Although  1966  was  an  exception- 
ally dry  year,  less  moisture  depletion  was  recorded  than  in  1962  and  1963,  probably 
because  of  early-season  evapotranspirational  losses  before  the  first  measurements 
were  taken. 
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Table  1.  -  -Properties  of  the  soil  at  1-foot  depth  intervals 


(In  percent) 


Depth 
(feet) 


Gravel 


Sand 


Silt 


Clay 


Organic 
matter 


Moisture  contents^  by  weight 

i  /  o  a  i  r  a  Avail . 

1/3  Atm.  :    15  Atm.  : 

H„0 


0-1 

27 

0 

40 

4 

21.6 

11.0 

5.19 

23 

3 

12.0 

11. 

3 

1-2 

41 

4 

36 

2 

13.3 

9.1 

2. 11 

18 

5 

9.0 

9 

5 

2-3 

73 

6 

19 

8 

3.4 

3.2 

.53 

14 

1 

8.5 

5 

6 

3-4 

59 

1 

35 

4 

3.5 

2.0 

.46 

11 

1 

5.9 

5 

2 

4-5 

87 

1 

11 

1 

1.2 

.6 

.40 

9 

2 

5.5 

3 

7 

5-6 

63 

4 

30 

5 

3.6 

2.5 

.37 

11 

5 

7.6 

3 

9 

6-7 

69 

3 

25 

6 

2.9 

2.2 

.29 

11 

6 

8.7 

2 

9 

7-8 

75 

2 

20 

.8 

2.6 

1.4 

.15 

9 

3 

5.5 

3 

8 

"Particles  >2mm.  diameter. 
Based  on  particles  <  2  mm.  diameter. 

Table  2 .  -  -Soil  moisture  depletion  pattern  for  a  single  sampling  site 

during  the  four  growing  seasons 


Year 


Depth  interval 


Soil  moisture  depletion 


May  -July 


July  -September 


Total 


1962 


Feet 

0-4 
4-8 


5.78 
2.04 


-Inches 


1.58 
3.38 


7.36 
5.42 


1963 


0-4 
4-8 


6.75 
3.43 


-.07 
2.03 


6.68 
5.46 


1965 


0-4 
4-8 


2.97 
1.04 


.06 
2.40 


3.03 
3.44 


1966 


0-4 

4-8 


4.31 
2.04 


1.21 
2.86 


5.52 
4.90 
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Figure  1.  -  -Moisture  contents  of  soil  at  1-foot  intervals  during  four  growing  seasons, 
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In  an  attempt  to  explain  the  variability  in  moisture  depletion  among  sampling 
points,  the  number  and  basal  area  of  oak  stems  within  10  feet  of  each  access  tube  were 
obtained.   Considerable  variation  in  the  vegetation  occurred,  but  a  statistical  analysis 
failed  to  show  a  direct  relation  between  tree  density  or  basal  area  and  the  amount  of 
moisture  depletion.   It  appears  that  soil  variability  and  sampling  error  are  more  influ- 
ential on  this  site  than  variation  in  vegetation  density.   This  may  not  be  true  on  better 
developed  soils,  however. 

Along  with  variability  encountered  in  soil  moisture  depletion,  precipitation  and 
evapotranspiration  fluctuated  considerably  from  year  to  year  (table  3).  Precipitation 
ranged  from  4.08  to  10.68  inches  during  the  growing  season.    Evapotranspiration  varied 
from  14.81  to  18.80  inches.   These  values  are  based  on  the  fact  that  no  surface  runoff 
was  recorded  during  the  4  years  of  this  study.   Also,  it  is  assumed  that  deep  percolation 
losses  during  the  growing  season  were  insignificant. 


Table  3.  -  -Precipitation  and  moisture  losses  during  the  four  growing  seasons 


(In  inches) 


Year 


Growing  season 
precipitation 


Soil  moisture 
depletion 


Evapotranspiration 


1962 
1963 
1965 
1966 


6.01 
5.99 
10.68 
4.08 


12.79 
12.53 
6.38 
10.73 


18.80 
18.52 
17.06 
14.81 
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DISCUSSION 


If  deep-rooted  oak  were  removed  and  shallow -rooted  grass  species  planted,  much 
of  the  soil  moisture  depletion  occurring  below  the  4 -foot  level  might  be  eliminated. 
Without  this  depletion,  less  fall  and  winter  precipitation  would  be  required  to  recharge 
the  soil  to  its  full  moisture -holding  capacity.   This  would  allow  more  of  the  precipitation 
to  go  into  deep  percolation  and,  at  least  potentially,  permit  it  to  appear  as  increased 
streamflow  or  as  ground  water . 

On  the  experimental  site  and  on  similar  sites,  the  conversion  from  oak  to  a 
shallow -rooted  species  may  contribute  an  additional  5  to  6  area -inches  of  water  for 
downstream  use  during  most  years  through  the  process  described  above.   On  sites 
having  greater  soil  water -holding  capacities,   larger  evapotranspirational  losses 
might  be  expected,    with  subsequently  greater  soil  moisture  savings  if  oak  were 
replaced . 

The  savings  of  water  realized  by  replacing  oak  with  a  shallow-rooted  species 
would  probably  be  much  less  during  years  of  high  summer  precipitation  (i.e. ,  1965). 
Most  of  the  evapotranspirational  loss  during  these  unusually  wet  growing  seasons 
comes  from  the  surface  4  feet  of  soil.   Whether  the  surface  4  feet  were  fully  occupied 
by  oak  roots  or  grass  roots  probably  would  make  little  or  no  difference  in  the  amount 
or  pattern  of  soil  moisture  depletion  at  those  times . 


AFPS.  Ogden,  Utah 


FOREST  SERVICE  CREED 


The  Forest  Service  of  the  U.  S.  Department  of  Agriculture  is 
dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest  owners,  and 
management  of  the  National. Forests  and  National  Grasslands, 
it  strives  —  as  directed  by  Congress  —  to  provide  increasingly 
greater  service  to  a  growing  nation. 


